Analysis of bisdioxopiperazine dexrazoxane binding to human DNA topoisomerase II alpha: decreased binding as a mechanism of drug resistance.
Topoisomerase II is an ATP-operated clamp that effects topological changes by capturing a double stranded DNA segment and transporting it through another DNA molecule. Despite the extensive use of topoisomerase II-targeted drugs in cancer chemotherapy and the impact of drug resistance on the efficacy of treatment, much remains unknown concerning the interactions between these agents and topoisomerase II. To identify the interaction of the bisdioxopiperazine dexrazoxane (ICRF-187) with topoisomerase II, we developed a rapid gel-filtration assay and characterized the binding of ((3)H)-dexrazoxane to human topoisomerase II alpha. Dexrazoxane binds to human topoisomerase II alpha in the presence of DNA and ATP with an apparent K(d) of 23 microM and a stoichiometry of 1 drug molecule per enzyme dimer. Various N-terminal single amino acid substitutions in human topoisomerase II alpha that were previously shown to confer specific bisdioxopiperazine resistance either totally abolished drug binding or resulted in less efficient binding. The effect of the various mutations on drug binding correlated well with their effect on drug resistance in vivo and in vitro. Interestingly, an altered active site tyrosine mutant of human topoisomerase II alpha, which is incapable of carrying out DNA strand passage, was unable to bind dexrazoxane, which agrees with the drug's proposed mechanism of action late in the topoisomerase II catalytic cycle. The direct correlation between the level of drug binding and dexrazoxane resistance is consistent with a decreased drug binding mechanism of action for these dexrazoxane resistance conferring mutations.